The effects of chitosan coating on respiration, ethylene production, and storage of peach (Prunus persica Batsch. var. vulgaris Maxim cv. Hakuho), Japanese pear (Pyrus pyrifolia Nakai cv. Shinko and Housui), and kiwifruit (Actinidia deliciosa L. cv. Hayward) during storage were investigated. Acetic acid was found to be a suitable solvent of chitosan for coating fresh fruits. Chitosan coating significantly reduced the respiration rate of peach and 'Shinko' pear in storage and of kiwifruit after storage. Coating reduced the ethylene production of the peach markedly, increased the internal CO2, and decreased the internal O2 levels of 'Shinko' pear. Chitosan significantly inhibited the growth of Botrytis cinerea and fungi isolated from decaying 'Housui' pear. This resulted in a decrease of post-harvested spoilage of peach, 'Housui' pear, and kiwifruit. Chitosan-coated peach and 'Shinko' pear were markedly firmer and less mature at the end of storage , indicating that the treatment could be an alternative means of preserving fresh fruits.
Introduction
Chitosan, obtained by deacetylation of chitin, might be an ideal preservative coating for fresh fruits. Chitosan forms films permeable to gases thereby delaying the ripening of apples (Lau and Yastremski, 1991) , and tomatoes (El Ghaouth et al., 1992 a) . Postharvest decay represents major losses of fruits. The application of fungicides is the most effective method to control postharvest diseases. However, chemical control faces imminent problems of residues; thus, there is a growing need to develop bioactive substances to control the decay.
Chitosan is also known to have antifungal activity against several fungi (Hirano and Nagao, 1989) , including Botrytis cinerea and Rhizopus stolonifer.
Coating fruit with chitosan decreased decay of tomatoes and strawberries , 1992 Du and Sun, 1994) . However, effects of coating with this film have not been reported for peaches, Japanese pears, and kiwifruits.
Chitosan, a by-product from the seafood industry, is a safe material as indicated by toxicological studies (Arai et al., 1968; Hirano et al., 1990) .
Chitosan has been widely used in medicine, agricultural production, and food industry (Du and Sun, 1994; Benhamou et al., 1994) . (1): 15-22. 1997. 17 chitosan was significantly firmer than the control fruit (Table 2) . But there was no difference between those coated with 1.0% chitosan and the control fruit. The 2.0% chitosan treatment delayed ripening by markedly lowering the 'a' values more than did the 1.0% treatment (Table 2) .
Moreover, peach coated with 2.0% chitosan had higher Brix values presumably because of lower respiratory activities.
Ethylene production of the control increased on the 8th day and then decreased on the 12th day ( Fig. 1 A) , whereas, peach coated with the 2.0% chitosan had a significantly lower rate of ethylene production than the 1.0% chitosan coated fruit. Carbon dioxide evolution of peaches increased gradually during storage ( Fig. 1 B) ; that of the 2.0% coated fruit being significantly lower than those coated with 1.0% chitosan and the control for 12 days after storage.
Chitosan coating reduced the incidence and growth of fungi on the surface of a fruit. The decay area was significantly smaller, compared with the control at the end of storage (Fig. 2) . In the control, the first sign of infection appeared after 6 days of storage, whereas fungal developments were visible after 8 and 10 days in the 1.0% and 2.0% chitosan-coated fruit, respectively. Dipping fruit only in acetic acid may have caused some damage to the fruit surface; the 0.5% acetic acid treatment increased the rate of fungal develop- (Fig.  7 B) . (Banks, 1984) , pear (Meheriuk and Lau, 1988) and strawberry . We also found that chitosan coating reduced the ethylene and carbon dioxide evolutions of peach (Fig.  1) , pear (Fig.  3   B) , and kiwifruit (Fig.  6) This study showed there were definite advan-tages for peach, Japanese pear, and kiwifruit coated with chitosan relative to noncoated fruit. These include retardation in loss of firmness and greenness and reduction of decay. Moreover, Arai et al. (1968) and Hirano et al. (1990) reported that chitosan is a safe food material for mice and domestic animals.
Fungicidal effects of chitosan
Coating 'Hakuho' peach with 2.0%, 'Shinko' Japanese pear and 'Hayward' kiwifruits with 1.0% chitosan dissolved in 0.5% acetic acid may be commercially applicable to prolong the storage and shelf life of the fruits. The coating solution is viscous and difficult to handle, so that more suitable coating methods for the commercial use of chitosan need to be researched.
